Nuchal translucency (NT) is the fluid collection behind the fetal neck which can be measured by ultrasound at 11-14 weeks of gestation. Increase in the nuchal translucency thickness is associated with various congenital anomalies.
INTRODUCTION
Collection of fluid behind the neck of fetus occurs partly because of fetus's tendency to lie on its back and laxity of the skin of the neck. It can be detected as nuchal translucency (NT) by ultrasound scanning. More the fluid that has accumulated, the greater the risk of an abnormality being present. 1 It can represent the end point of several pathological processes, including heart failure like ankle edema in adult population.
Although the pathophysiologic mechanism leading to a thickened NT in fetuses during first trimester remains undetermined, the association of a thickened NT and fetal aneuploidy has been demonstrated. 2 NT measurement of ≥2.5 mm between 10 th and 13 th week of gestation is associated with a higher rate of fetal chromosomal defects. It is particularly important in early detection of Down's syndrome. 3 
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Even in a chromosomally normal fetus, the appearance of thickened NT during 11-14 weeks of gestation is also strongly associated with fetal structural defects, genetic syndromes, and poor perinatal outcomes. 1, 4, 5 Various studies have shown a strong association between cardiac defects and increased NT thickness. 6, 7, 8 Therefore it is important to establish normative data for the distribution of NT thickness with increasing crown rump length (CRL) and gestational age. Here we report our results of ultrasound measurement of NT thickness in 211 normal fetuses between 11 and 14 weeks of gestation.
METHODS
This was a prospective analytical study conducted on 211 patients presenting to Department of Radiodiagnosis and Imaging at Kathmandu University Dhulikhel hospital from March 2011 to August 2012
The study was approved by Kathmandu University School of Medical Sciences Institutional Review Committee. A detailed history was taken. Written informed consent was obtained and proforma was filled up.
The data were collected from pregnant women with singleton pregnancies in whom fetal ultrasound was performed and the fetal NT thickness was measured between 11 and 14 weeks of gestation (CRL: 40-88mm)
Pregnancy outcomes were reviewed from the obstetric and neonatal records. Only cases with a known normal outcome were included. The excluded cases were those with no obstetrical or neonatal records, cases affected by chromosomal and major structural abnormalities and those resulting in miscarriage or intrauterine death.
The gestational age was calculated from the first day of the last menstrual period and was confirmed by measuring crown-rump length. If discrepancy of more than seven days was observed between estimated gestational age by menstrual period and ultrasound, the ultrasound value was used.
Sonographic evaluation of fetal NT thickness was performed transabdominally using 3.5MHz convex transducer in Siemens acusion x-150 and x-300(CA 94093 USA) USG machine. The fetus which was in a good mid-sagittal section occupied at least 75% of the image on the screen. (Fig 1) The NT was defined as the black area between the inner skins outlines echo and the outer border of the soft tissue overlying the cervical spine. The intersection of the two arms of the calipers were placed on the outer border of cervical spine and inner border of the skin lying directly posterior to it respectively, to produce a measurement of the transonic or echo-poor nuchal fluid only (Fig. 1 ). This procedure was repeated twice or more, each from a different image. The largest of the three measurements was taken to evaluate the adjusted risk. The fetal crown-rump length (CRL) was measured simultaneously. Overextension of fetal neck was avoided since it can cause false increase in measurement. 9 Care was taken to distinguish between the fetal skin and the amniotic membrane. In some cases when it was difficult to measure nuchal translucency due to fetal position, we had to wait for spontaneous fetal movement away from the amniotic membrane or ask the mother to have a brisk walk. As the fetal movement was rapid and short lived, the cine-loop facility was employed to capture the optimal section. In order to minimize operator dependent error, the measurements were reconfirmed by another radiologist.
Statistical analysis was done by using SPSS software version 16.0. The linear regression method was analyzed to establish the correlation between fetal NT and CRL. According to the regression equation, the expected 5 th , 50 th , and 95 th percentile values of NT were obtained for a given CRL. The cases were subdivided into five groups by the CRL of the fetuses with 10-mm intervals. The median value of NT thickness in each CRL category was calculated to correct for the gestational effect.
RESULTS
A total of 211 pregnancies from March 2011 to August 2012 satisfied the above inclusion criteria and were enrolled in our study. The mean maternal age was 25.03+4.92 yrs (range 17-44 yrs). The mean CRL was 63.67+13.48 mm (range 41.2-88 mm), mean NT thickness was 1.55+0.35 mm (range 0.8-2.7 mm), respectively. The median gestational age was 12.9 weeks.
The distribution of NT thickness in relation to CRL according to simple linear regression is shown in fig 2. NT thickness increased with CRL estimates of gestational age. The regression equation which shows relation between median NT thickness and CRL was described as follows: expected NT thickness = 0.013CRL+0.725, (R2 = 0.258, p <0.001). Table 3 has shown the distribution of NT thickness with gestational age. There was increase in the incidence of NT thickness more than or equal to 2.5 mm; 1.7% in fetus between 12-12.9 weeks of gestation to 15.1% in fetus between 14.0-14.9 weeks. Out of 211 fetus, 9 (4.2%) fetus had NT thickness greater than or equal to 2.5 mm.
DISCUSSION
Extensive research in the last 20 years has established that the measurement of fetal NT thickness provides effective and early screening for trisomy 21 and other major aneuploidies. [10] [11] [12] [13] Furthermore, high NT is associated with cardiac defects and a wide range of other fetal malformations and genetic syndromes. [14] [15] [16] Initially, most studies used a fixed cut-off point to define an abnormal NT measurement during 10-13 weeks of gestation for Down syndrome screening. 4, [17] [18] [19] [20] [21] [22] A cut-off point of ≥ 2.5 mm or of ≥ 3 mm was usually used. However, subsequent reports have demonstrated that the NT thickness was related to gestational age or fetal CRL. 1, 10, 23, 24 In the present study, we found that NT thickness increases with CRL which is similar to that of previous studies. 26 This method is similar to that of biochemical markers used in second-trimester Down screening. 27 According to previous authors, to base the cut-off on a progressive rise, using 95 th percentile as the threshold for an abnormal NT thickness is much appropriate, as it is more sensitive and specific indicator for detection of fetal anomalies.
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Thus, it is necessary to establish the normal distribution of fetal NT measurement.
There has been extensive research in the past regarding the value of NT thickness in the first trimester. [29] [30] [31] Interpretation of NT measurement on the basis of ethnic difference is still a matter of debate.
Jou et al. suggested that, given the small but statistically significant NT differences, race-specific normative data should be used. 32 In a study performed in korean population mean NT thickness was found to be 1.62 mm. Similarly, in a study conducted in Taiwanese population, it was 1.7 mm. 32, 33 This is comparable to our study in Nepalese population. So we also suggest that ethnicity is not significant in interpretation of NT measurement like other authors. 34, 35 Hence, it is acceptable to use a single standard, because screen positive rates in different NT groups are similar. We found that incidence of NT thickness ≥ 2.5 mm was 4.2% which is similar to other studies. 6, 24 Scott et al. observed an increase in the incidence of NT thickness greater than or equal to 2.5 mm in normal fetuses from 1.3% at CRL 30-39 mm to 13.2% at CRL 60-69 mm. 24 In our study, the incidence of NT thickness greater than or equal to 2.5 mm in normal fetuses was 1.7% at 12.0-12.9 weeks of gestation and increased to 15.1% at 14.0-14.9 weeks. 
Original Article
Therefore, with the increase in gestational age, there is a false positive rate of increase in NT. So, for the purpose of screening of chromosomal abnormalities, each NT measurement should be examined in accordance to the gestational age.
The nasal bone evaluation at 11 to 14 weeks is used as new ultrasound marker which was found to be absent in about 70% of fetuses with trisomy 21 and in 0.5% of chromosomally normal fetuses. It was estimated that screening for trisomy 21 by a combination of maternal age, fetal NT thickness, and examination of the nasal bone could increase the detection rate to 85% whilst decreasing the false-positive rate to one percent. 36 There is no association between NT measurement and serum levels of free β-hCG or PAPP-A in euploid fetuses or in those with trisomy 21. This independence allows the combination of NT screening and biochemical screening, resulting in a more effective method of risk assessment than either method individually. 37, 38 Wald et al. demonstrated that the combination of NT measurement with maternal serum PAPP-A and free β-hCG, known as the "combined" first-trimester screening test, results in the detection of 85% of trisomy 21 fetuses at FPR of 5%. 39 We admit that our study also has some limitations. The first potential limitation is the small sample size. Another limitation of this study was our inability to utilize transvaginal ultrasound which is a more accurate method as compared to transabdominal scan. This was due to hesitancy of majority of patients to undergo transvaginal scan.
In a developing country like ours, where biochemical and chromosomal markers are highly expensive, unavailable or unaffordable, screening of fetal aneuploidy using sonological measurement of fetal NT thickness seems to be more easily available, cost effective and reasonable.
CONCLUSION
Fetal NT measurement at first trimester helps in detecting different congenital abnormalities like trisomy 21, 18, 13, Turner's syndrome and various other cardiac abnormalities. The present study shows that there is an increase in NT measurement with increase in CRL and a false positive rate increases with increasing gestational age. Thus, NT measurement should be adjusted according to the gestational age for screening of chromosomal abnormalities. The fixed cut-off point through the first trimester is not appropriate and each NT measurement should be examined according to the gestational age. The current study offers normative data of the fetal NT thickness which can be used as reference for screening various chromosomal and congenital abnormalities.
